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Abstract
Borrelia burgdorferi sensu lato infection has been conﬁrmed in clin-
ical cases in the northeast of Mexico; however, the bacterium
has not been identiﬁed as infecting the tick vector Ixodes, Ambly-
omma and Dermacentor ticks were collected from mammals and
plants in northeastern Mexico and examined for Borrelia. Eigh-
teen of 214 ticks were PCR-positive for the ﬂa and 16S rRNA
genes and 15 for the ospA gene. Southern blotting with a ﬂa
probe and sequencing of ospA genes conﬁrmed infection with
B. burgdorferi sensu stricto. These ﬁndings, together with reports
of indigenous cases, fulﬁl the criteria that allow northeastern
Mexico to be considered as a zone endemic for Lyme disease.
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Lyme disease is the most frequently reported vector-borne
infectious disease in the USA and Europe. The incidence of
Lyme disease in humans correlates with the prevalence of
Ixodes ticks infected with Borrelia burgdorferi sensu lato (s.l.). In
New York, where there is a high incidence of clinical cases,
the prevalence of infection of ticks is up to 60% in adults
and 20% in nymphs [1]; whereas, in California, where there
is a low incidence of cases, the prevalence is <3% [2].
In Mexico, we recently conﬁrmed the existence of clinical
cases of Lyme disease [3]; and community-based serological
surveys suggested the presence of Borrelia infection, particu-
larly in the northeast and central states of the country [4,5].
Serological surveys of deers have revealed evidence of infec-
tion in mammals [6]. The permissible vector Ixodes scapularis
exists in the north of Mexico and in the Gulf region of Mex-
ico and Ixodes paciﬁcus in the paciﬁc coast region [7,8]. In
the present study, we aimed to document the presence of
B. burgdorferi s.l. infection in ticks collected in the northeast
states of Mexico.
Ethanol-preserved ticks from the Department of Entomol-
ogy, Escuela Nacional de Ciencias Biolo´gicas, Mexico, had
been collected from mammals and plants in rural areas of
two northeastern states of Mexico, Tamaulipas and Nuevo
Leon, during the period 1989–1998. Live ticks were collected
in the same states during the period 1999–2001. In total,
1149 preserved specimens and 200 live Ixodidae ticks were
classiﬁed [8,9]. We identiﬁed 731 ticks of species reported
to be potential vectors for Borrelia and selected 214, includ-
ing the 150 identiﬁed as Ixodes, and randomly selected 29
Amblyomma and 35 Dermacentor ticks (Table 1).
The 64 live ticks were dissected and gut diverticulae was
homogenized in 50 lL of buffer (10 mM Tris, 5 mM EDTA,
pH 7.4). The 150 ethanol-preserved specimens were dis-
sected and all content was homogenized. Of each homoge-
nate, 25 lL were used for an immunoﬂuorescence assay
(IFA) with the H5332 monoclonal antibody speciﬁc for
B. burgdorferi sensu stricto (s.s.) OspA [10], and 25 lL were
used for molecular diagnosis [11,12].
DNA was extracted from the 214 tick homogenates
(QIAamp DNA Minikit; Qiagen, Inc., Valancia, CA, USA).
The ﬂa, ospA and 16S rRNA genes of B. burgdorferi s.l. were
PCR ampliﬁed using previously described oligonucleotides
[11,12]. Ampliﬁed products were tested by Southern blot
with probes speciﬁc for ﬂa of B. burgdorferi s.s., Borrelia garinii,
Borrelia afzelii and Borrelia hermsii, as described previously
[13].
The ampliﬁed PCR product of ospA from two specimens
was sequenced and aligned with the reported sequences of
B. burgdorferi s.s., using DNAMAN (Lynnon Corporation,
Vaudreuil-Dorion, Canada).
The characteristics of the ticks studied and the results
obtained concerning Borrelia infection are summarized in
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Table 1. Among the preserved Ixodes ticks, ﬁve of 135
nymphs (3.7%) and three of 15 adults (20%) were IFA-posi-
tive for (Fig. 1a) and also 16S rRNA, ﬂa and ospA gene-posi-
tive. Among the 64 live nymphs, 12 (18.8%) were IFA-
positive and positive for 16S rRNA and ﬂa genes, and eight
were ospA-positive. Seven additional specimens were IFA-
positive but PCR-negative. The frequency of B. burgdorferi s.l.
in live nymphs (Amblyomma and Dermacentor) was signiﬁcantly
higher (p <0.01) than in preserved nymphs (Ixodes).
All samples ﬂa PCR+ (Fig. 1c) were Southern blot-positive
for B. burgdorferi s.s. according to a speciﬁc probe (Fig. 1d).
In two DNA ticks, ospA was ampliﬁed and sequenced; in one
sequence, there was 100% homology with ospA of B. burgdor-
feri s.s. (according to BLAST, www.ncbi.nlm.nih.gov/blast/
Blast) and, in the other, a single, non-conserved mutation
was identiﬁed, leading to an isoleucine for methionine
change.
Ixodes ticks were collected from wild mammals (Sylvilagus
ﬂoridanus and Bassariscus astutus) in forest zones, at an
altitude of 1600–2670 m, in Nuevo Leon, whereas the
Amblyomma and Dermacentor ticks were collected from
domestic mammals and plants, at an altitude of 300–600 m,
in Tamaulipas and Nuevo Leon (Table 1).
Borrelia burgdorferi infection was studied in ticks from for-
est areas of northeast Mexico; the results of the IFA showed
a 12.6% prevalence of infection. Other studies have reported
that the monoclonal antibody used in the present study
(H5332) is highly speciﬁc and provides strong evidence of
B. burgdorferi infection [1,10].
PCR in DNA from ticks is an efﬁcient method for
assessment of the risk of Lyme disease in human popula-
tions [1,2,11,14]. Using this method for 16S rRNA, ﬂa and
ospA genes, we found a 8.4% prevalence of B. burgdorferi s.l.
infection. However, in the nymphs that were collected live
(Amblyomma and Dermacentor species), the infection fre-
quency was higher (18.5%) and similar to that in regions
with moderate disease prevalence (7–20%) [14]. Assessment
using Southern blot and DNA sequencing conﬁrmed that
B. burgdorferi s.s. is the species prevalent in ticks in north-
east Mexico; this species is responsible for Lyme disease in
the USA [1,2].
Of note, Ixodes ticks were collected from communities at
a higher altitude than that where Amblyomma and Dermacen-
TABLE 1. Characteristics of Ixodidae ticks infected with B. burgdorferi sensu stricto in the Northeast of Mexico
Species Stage No. studied Collected from State Source
Collected,
year
IFAa
Positive
No. Positive (%) by
PCRb and SBc
16S ﬂa ospA
Ixodes scapularis, n = 31 nymph 9 Sylvilagus ﬂoridanus Nuevo Leo´n Preserved 1991 4 2 2 2 2
7 Sylvilagus ﬂoridanus Nuevo Leo´n Preserved 1998 3 2 2 2
adult 8 Sylvilagus ﬂoridanus Nuevo Leo´n Preserved 1991 3 2 2 2
7 Sylvilagus ﬂoridanus Nuevo Leo´n Preserved 1991 2 1 1 1
Ixodes texanus, n = 119 nymph 119 Bassariscus astutus Nuevo Leo´n Preserved 1991 2 1 1 1
Amblyomma cajennens, n = 29 nymph 2 Canis familiaris Tamaulipas alive 1990 1 1 1 0
1 Canis familiaris Tamaulipas alive 2000 1 1 1 1
1 Canis familiaris Tamaulipas alive 2000 1 1 1 1
nymph 5 Bos taurus (3 animals) Tamaulipas alive 2000 3 2 2 1
nymph 9 Vegetation (three location) Nuevo Leo´n alive 2001 4 4 4 3
11 Vegetation (two location) Tamaulipas alive 2001 2 2 2 1
Dermacentor andersoni, n = 35 nymph 35 Vegetation (two location) Tamaulipas alive 2001 1 1 1 1
Total 214 27 (12.6) 18 (8.4) 18 (8.4) 15 (7)
aIFA immunoﬂuorescence, bPCR polymerase chain reaction, cSB, southern blot test for the ﬂa gene
M 4321 5 6(a) (b)
1 2 31 2 3 (d)(c)
FIG. 1. Morphological and molecular evidence of Borrelia burgdorferi
infection in ticks from the northeast of Mexico. (a) Immunoﬂuores-
cence with monoclonal antibody against OspA in an Ixodes scapularis
extract (original magniﬁcation, ·100); (b) PCR ampliﬁcation of B. burg-
dorferi ospA from DNA of Ixodid specimens; lane 1, positive control
(DNA from CN40 strain); lane 2, negative control (water); lanes 3
and 4, DNA from I. scapularis; lane 5, DNA from Amblyomma cajenn-
ense; lane 6, DNA from Dermacentor andersoni specimens. (c) PCR
ampliﬁcation of the B. burgdorferi ﬂa gene from DNA of Ixodid speci-
mens; lane 1, I. scapularis sample; lane 2, negative control (water);
lane 3, positive control (DNA from CN40 strain). (d) Southern blot
with ﬂa gene probes speciﬁc for B. burgdorferi; lane 1, PCR product
from a positive I. scapularis sample; lane 2, negative control; lane 3,
PCR product from strain CN40.
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tor ticks were collected. In addition, the Borrelia infected
Ixodes ticks were collected from wild mammals in Nuevo
Leon, whereas Amblyomma and Dermacentor ticks were col-
lected from vegetation and domestic animals in Tamaulipas.
Among the ticks that were collected live from vegetation,
11% were infected with B. burgdorferi s.s.. Studies suggest that
the risk of transmission to humans is higher in regions where
vegetation has Borrelia infected ticks [1,14]. Similar frequen-
cies of infection in Dermacentor andersoni ticks were reported
in Colorado [15]. Although Amblyomma cajennense has not
been reported as a competent vector, a study in Brazil dem-
onstrated this species to be infected with a spirochete
according to IFA testing [16].
The Eastern Cottontail S. ﬂoridanus is a permissible host
for B. burgdorferi s.s. [17] and, in the present study, was the
reservoir most frequently infested with ticks.
In these two Mexican states, each tick species most likely
is prevalent in different communities and has different reser-
voirs. The fact that infected ticks were collected several
years apart (1991 and 1998) suggests that the biological cycle
is well established in these communities.
This is the ﬁrst report to demonstrate infection by B. burg-
dorferi s.s. in ticks in the northeast of Mexico; when consid-
ered in conjunction with our recent conﬁrmation of
infection in patients [3], this fulﬁls the CDC criteria for a
zone endemic for Lyme disease [18].
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